This study analyzed the levels of cadmium (Cd), copper (Cu), and zinc (Zn) by the flame atomic absorption spectrophotometer (FAAS), in the muscle tissues, exoskeletons, and gills from freshwater prawn (Macrobrachium rosenbergii) (n = 20) harvested from natural habitat in Kerang River, Malaysia on 25th November 2015. Significant increase of the metals level in muscle tissue and gill (r > 0.70, p < 0.05) were observed with increase in length except for Cu in gills. No relationship was found between metals level in exoskeleton and length. The concentrations of Cd, Cu and Zn were significantly higher (p < 0.05) in males (muscle tissues and exoskeleton) except for Cd in exoskeleton. In gills, only Cu was significantly higher (p < 0.05) in female than male. All samples contained metals below the permissible limit for human consumption (i.e., Cd < 2.00 mg/ kg; Cu < 30.00 mg/kg; Zn < 150 mg/kg). Annual metals monitoring in prawn and environmental samples is recommended to evaluate changes of metals bioaccumulation and cycling in the system, which is useful for resources management.
Metals contamination in the aquatic ecosystems has become one of the greatest concerns towards the aquatic environmental bio-monitoring worldwide. Metals such as Cd and Zn had been known to occur in the phosphate fertilizers that used to enhance crop production especially in the nutrientdeficient land (Lambert et al. 2007 ). However, the cultivated land with the usage of phosphate fertilizers is susceptible to Cd, Cu and Zn contamination because these metals are naturally present in the phosphate rocks mainly used in the production of these fertilizers (Lambert et al. 2007 ). Moreover, the Cd, Cu and Zn absorbed by the cultivated soil can enter the river ecosystem by the leaching process and later accumulated through the food chain.
Kerang River floodplain is located in the Balai Ringin, Sarawak. Balai Ringin area was dense with mixed dipterocarp forest (Kendawang et al. 2004 ) and some part of oil palm plantation and cultivated area (Mohizah 2003) . The basis of water quality of this river can be grouped into two different types which are brown water and black water (Rahim et al. 2009 ). The black water of this river is contributed from its tributaries which flow into the brown water river. Black water or commonly known as dark 'tea' colour water column in certain river or floodplain can happen naturally in the lowland river ecosystem and usually associated with high dissolved organic matter and low dissolved oxygen level (Howitt et al. 2007) . Shuhaimi-Othman et al. (2009) emphasized that in black water surrounding, metals content in the sediments were generally higher than in the underlying water column due to the conversion of dissolved to the particulate metal and indirectly shows the pollution over long time. Kerang River is generally known to have abundant of M. rosenbergii in their water body that provide for livelihood for people resides around Kerang River. This may indirectly cause the metals accumulation in prawn body in this river to be higher than other river.
Macrobrachium rosenbergii is a nocturnal feeders and remains half-buried in sediments during daytime to hide from direct sunlight (Murthy et al. 2012 ) thus being susceptible to metals accumulation. Furthermore,they serves as regional and local fisheries importance and economic value since they meet a high demand as a source of protein and international export activities (Banu and Christianus 2016; Hameed and Bonami 2012; Islam et al. 2017) . Hence, the assessments of the metals level in M. rosenbergii are crucial to determine the safety level for human consumption. There were several previous studies that indicate the significant correlation of metals and length of prawn and the significant difference between male and female prawn.
Therefore, the aims of this study were to determine the correlation between total length of M. rosenbergii and Cd, Cu and Zn concentrations in muscle tissues, exoskeleton, gills and eggs (if any) and to determine the significant difference of Cd, Cu and Zn concentrations in muscle tissue, exoskeleton and gills in male and female M. rosenbergii.
Materials and Methods
Wild-captured M. rosenbergii were caught using the onelayer fishing net in the Kerang River (Fig. 1) . The net was employed for 4 h in the morning from 6:00 am to 10:00 am during the low tide. The sampling was done on 25th November 2015 during the M. rosenbergii season.
The chosen site for prawn sampling is the regular site (01°04.82′N, 110°45.97′E) for M. rosenbergii capture during the prawn season by the fishermen for trading or consumption purposes. Prawns were then stored in the zipper polyethylene bags, labelled properly and placed in the cooler box with ice during the transportation to the laboratory. The total wet weight and total body length (Table 1 ) of the individual prawn were recorded prior to dissection. The mature male and female M. rosenbergii can be identified by observing their second pleopod. In male M. rosenbergii, the mature male prawn develops the appendix masculina in their second pleopod which characterized especially for copulation (Karplus and Sagi 2010).
Mature female generally have smaller proportion of head and claw than male prawn. They also have a brood chamber specify to carry their eggs by the first, second and third abdominal pleurae (Karplus and Sagi 2010). The dissected muscle tissues, exoskeleton and gills were placed in the clean acid-washed petri dish and were oven dried at 60°C until achieve a constant dried weight. The dried samples were ground to powder form using the mortar and pestle. Digestion process was done by heating the 0.2 g of powdered samples in the 10 mL of 65% v/v HNO 3 (Tu et al. 2008 ) on the hot plate until the solution turns clear.
The multi-elements preconcentration on the commercially available chelating resin (Toyopearl AF Chelate-650M) as describe by Arslan and Paulson (2002) were done for prawn samples. As the preconcentration step by using this chelating resin is pH dependent, all samples pH were adjusted to 5.5 ± 0.05 by adding the ammonium acetate buffer. The 2 M HCl solution were prepared to flush out all possible contaminations in the preconcentration system following by deionised water prior to the sample preconcentration process. The samples were analysed by using Flame Atomic Absorption Spectrophotometer (Thermo Scientific iCE 3500) (FAAS). The calibration of Table 2 . The certified reference material used was LUTS-1 nondefatted lobster hepatopancreas (National Research Council of Canada). All collected metals concentration data were expressed in flesh weight (FW). The collected data were analyzed by using Pearson's correlation coefficient to test the relationship of metals concentration and total length, while non-parametric test were done to test the mean difference between males and females, using the Minitab 17 Statistical Software, with the level of significance at p < 0.05. All data are expressed as the mean ± standard deviation. Finally, the metals concentrations in edible muscle tissues were compared to the safety limits provided by Joint FAO/ WHO Expert Committee on Food Additives (JECFA 2012).
Results and Discussion
The obtained values and metals recovery of Cd, Cu and Zn were 91 ± 4%, 108 ± 7% and 104 ± 5% respectively as stated in Table 3 , which suggest the efficiency of the chelation methods used.
A positive correlation (r 2 = 0.820) was found between the total length and the total weight of M. rosenbergii collected from Kerang River (Fig. 2) . Therefore, in order to study the metals concentrations in muscle tissues, exoskeleton and gills of M. rosenbergii, only the total length of prawn were used.
Cd, Cu and Zn concentrations in muscle tissues and gills were positively correlated (r 2 > 0.70) to the total length of M. rosenbergii (Fig. 3) . Pattern of metals accumulation in the organisms body were normally associated with their size in which often explained in term of their exposure period to the contamination. Bigger size samples were generally older thus more susceptible to their surrounding especially on the contaminated sediments because they preferred to live on river bed (benthic) rather than pelagic like other smaller prawn (Elahi et al. 2012; Lavalli and Spanier 2007; Wickins and Lee 2008) . The results obtained were similar to the study done by Elahi et al. (2012) on the three species of crustaceans from Persian Gulf, Iran. Metals content in exoskeleton may be reduced in the process of moulting which involves the shedding of the chitinous exoskeleton layer and replaced by a new layer during the active grow of crustaceans (Pourang et al. 2004; Weis 2013; Stanek et al. 2014) .
In this study, M. rosenbergii accumulates higher Cu and Zn concentrations than Cd. M. rosenbergii from Kerang River accumulated more Cu in gills than exoskeleton while muscle tissue possessed the lowest Cu. This result was in agreement with the study done by Canli and Furness (1993) on the Norway lobster N. norvegicus. Although same pattern of Cu accumulation was found, this study recorded lower Cu concentration (highest was 52.25 ± 9.37 mg/kg FW in gills) than that of N. norvegicus (250 ± 105 mg/kg). Cu is a component of respiratory system of crustaceans called hemocyanin (Rainbow 2002; Kouba et al. 2010; Stanek et al. 2014) hence cause the Cu concentration to be high in gills. Zn level detected in this study was highest in gills (14.69 ± 3.76 mg/ kg FW). Metals in water have a high binding tendency to gills of aquatic organisms as they passed through the gills as the starting point (Playle 1998) . Because Zn is a constituent of more than 200 metalloenzymes and other metabolic compounds, concentration of Zn in body of organism can be exceptionally high until it reaches the threshold level (Kouba et al. 2010) . Zn concentrations in muscle tissue of M. rosenbergii in this study were 1.20 ± 0.41 mg/kg FW, which is considerably lower compared to Zn detected in muscle tissue of P. inflatus and P. japonicus (Canli et al. 2001) . Cd in muscle tissue of M. rosenbergii in this study was lower than Cu and Zn because they may Fig. 2 Relationship between total length (cm) and total weight (cm) of M. rosenbergii develop the mechanism in order to remove or excrete the harmful contaminants from their body (Burger 2007) .
Several studies have documented the difference in metals accumulations in different sex of invertebrates and crustaceans, where several factors were influenced the difference such as diet (Beckvar et al. 1996; Elahi et al. 2012) , changes in metabolic rate, hormonal and reproductive status, as well as size variations . In this study, Cd, Cu and Zn were found to be significantly higher in muscle tissue of male than in female (p < 0.05) similar to the Cu and Zn in exoskeleton (Fig. 4) . However, Cd in exoskeleton and gills of male and female does not differ significantly (p > 0.05). Similar pattern was shown in the Zn concentrations in gills of male and female sample. Only Cu in gills accumulated significantly higher (p < 0.05) in female than in male (Fig. 4) .
These results were in agreement with the several studies done on the Palaemonetes varians (Frenet and Alliot 1985) and Panaeus californiensis (Paez-Osuna and TronMayen 1995) . Both studies reported that Cd, Cu and Zn concentrations in some tissues, including muscle tissues of P. varians and P. califoniensis were higher in males than in females. Pourang et al. (2004) emphasize that the female crustaceans can be expected to possess a lower metals accumulation in their body that may be due to their higher growth rate. Energy consumption of females will be high to facilitate their gonadal development (Karplus and Sagi 2010; Ra'Anan et al. 1991) thus may cause the metals to be consumed rapidly through metabolic process.
Overall, the levels of Cd, Cu and Zn in muscle tissue of M. rosenbergii collected from Kerang River ranged from 0.03 to 0.12 mg/kg with an average of 0.07 ± 0.03 mg/kg for Cd, 0.62 to 1.28 (1.00 ± 0.18 mg/kg FW) for Cu and 0.51-2.33 (1.20 ± 0.41 mg/kg FW) for Zn, and all of the selected metals were below the safety limit set by JECFA (2012) of 2 mg/kg (Cd), 30 mg/kg (Cu) and 150 mg/kg (Zn).
In conclusion, M. rosenbergii collected from Kerang River were safe to be consumed in a considerable amount on a regular basis. Because the Cd, Cu and Zn in muscle tissues and gills of M. rosenbergii were significantly correlated to their total body length, it is expected that the bigger male could possess the higher concentration of these metals in their body especially in the muscle tissue. 
